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Background:We describe the preliminary clinical results of a new operative technique for MPFL reconstruction
using a strip of quadriceps tendon (QT).
Methods: Patients: 17 patients (7 male, 10 female; mean age 21.5 years ± 3.9) have been operated on with this
technique. All patients were evaluated clinically, radiologically and with subjective questionnaires (Tegner-,
Lysholm-, Kujala Score) pre-operatively and post-operatively at 6 and 12 months (m).
Surgical technique: A 10 to 12 mmwide, 3 mm thick and 8 to 10 cm long strip from the central aspect of quad-
riceps tendon is harvested subcutaneously. The tendon strip is then dissected distally on the patella, left attached,
diverged 90° medially underneath themedial prepatellar tissue and ﬁxed with 2 sutures. The graft is ﬁxed in 20°
of knee ﬂexion with a bioabsorbable interference screw.
Results: Lysholm score at 6 mwas 81.9± 11.7 and at 12m 88.1 ± 10.9, Kujala score at 12mwas 89.2± 7.1 and
Tegner Score was 4.9 ± 2.0 (6 m) and 5.0 ± 1.9 (12 m). Two patients had a positive apprehension test at
12 months. There was no re-dislocation during the follow-up period.
Conclusion:MPFL reconstruction with a strip of QT harvested in a minimal invasive technique was found to be
associated with good short term clinical results. We think that this technique presents a valuable alternative to
common hamstring techniques for primary MPFL reconstruction in children and adults, as well as for MPFL revi-
sion surgery.
Level of evidence: IV, prospective case series.© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The Medial Patellofemoral Ligament (MPFL) represents the primary
soft-tissue restraint to lateral patellar dislocation close to knee exten-
sion [1–5]. Rupture of the MPFL has been reported in 95 to 100% of pa-
tients with acute patellar dislocation [1,3,6–8]. Therefore, recently
reconstruction of the MPFL for the treatment of patellar instability has
captured more attention.
Several surgical techniqueswith promising clinical results have been
described; most of them involve using hamstring tendons as the graft
[9–19]. Themajority of these techniques utilize bone tunnels and/or an-
chors for graft ﬁxation on the patella [10,13,14,17–20]. Complications,ruck, Austria.
str. 39, 6020 Innsbruck, Austria.
(C. Hoser).
. This is an open access article underhowever, such as implant breakage, patellar fractures through bone
tunnels and loss of motion have also been described [5,21,22].
Anatomically, theMPFL isﬂat band-like structured. There are few re-
ports on MPFL reconstruction using a strip of quadriceps tendon
[23–26]. The gross morphological appearance of such a quadriceps ten-
don strip more closely resembles the natural MPFL than a hamstring
construct. A human cadaveric study investigated the biomechanical
characteristics of a 3 mm thick and 10 mm wide quadriceps tendon
strip and found that they are similar to the natural MPFL, with respect
to maximum load to failure, yield load and stiffness [27]. Despite
these potential biomechanical advantages of QT MPFL reconstruction,
the cosmetic appearance of longitudinal scars over the thigh as well as
the technical difﬁculties harvesting a uniform 2–3 mm strip of the QT
have most likely prevented a widespread use of these techniques.
The purpose of this study is to describe the short term results of a
new minimally invasive MPFL reconstruction technique using the QT
[28].We hypothesized that MPFL reconstructionwith a QT in aminimal
invasive technique is feasible and leads to good clinical short term
results.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Fig. 1. A tendon separator (2 or 3 mm) (KARL STORZ, Tuttlingen, Germany) is introduced and advanced proximally to approx. 8 cm. (a. operative procedure; b. cadaveric preparation).
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All patients were evaluated clinically (ROM, apprehension test) and
with subjective questionnaires (Tegner-, Lysholm Score) [30] pre-
operatively and post-operatively at 6 and 12 months. At the 12 month
follow-up (FU) Kujala Score [31] was added. Wilcoxon's Matched-
Pairs Testwith 95% conﬁdence intervals was used to compare pre-oper-
ative to 6 and 12 month results.
All patients were asked if they would undergo this operation again
and if they were satisﬁed with their cosmetic outcome.
Radiological evaluation includedMRI and AP and lateral radiographs
pre-operative and AP and lateral radiographs at 12 months.
2.1. Surgical technique
Patients were positioned to allow free knee motion between 0° and
120°. The knee was draped to allow ﬂuoroscopy during the procedure.
In 90° of knee ﬂexion a 2.5–3 cm transverse skin incision was placed
over the superomedial pole of the patella. The prepatellar bursa was in-
cised longitudinally and the quadriceps tendon then carefully exposed.
A long Langenbeck retractor was introduced and the quadriceps tendon
subcutaneously exposed proximal to the patella. A double knife of 10 or
12mm (KARL STORZ, Tuttlingen, Germany) width was then introduced
starting over themiddle of the superior patella border and pushed up to
a minimum of 8 cm (marked on the instrument). The thickness of the
graft was then determined by a 3 mm tendon separator (KARL STORZ,
Tuttlingen, Germany). The separator was pushed proximal to the
same mark (minimum 8 cm) (Fig. 1ab). Finally the tendon strip was
cut subcutaneously by a special tendon cutter (KARL STORZ, Tuttlingen,
Germany) (Fig. 2ab). The graft was left attached distally and the free
proximal end anchored with a resorbable suture whip stitch. Distally
the longitudinal cuts were continued with a surgical knife towards
the patella and over the patellar surface in the chosen width (10 or
12 mm); lateral for 2 cm and medial for 1 cm, on the anterior surfaceFig. 2. The tendon strip is cut at the desired length (8–10 cm) using a tendon cutter (KAof the patella. The quadriceps tendon strip was then subperiostally ele-
vated from the surface of the patella. The proximal 1.5 cm of the medial
patellar border was exposed. From the medial patellar border the
prepatellar tissue was elevated laterally creating a tunnel reaching the
medial edge of the graft. This was performed with a periosteal elevator.
A surgical clamp was introduced into the tunnel from medial to lateral
and the graft passed through the tunnel. The graft was then secured
to the retinaculum tissue on the medial patellar edge by 2.0 resorbable
sutures (Fig. 3ab). A 1.5 cm skin incisionwas thenmade over the adduc-
tor tubercle. Starting at the patella a curved clamp was used to create a
tunnel in the space between the vastusmedialis and the joint capsule. A
suture loop was then pulled through the tunnel. This loop was used to
pull the graft towards the femoral insertion. Under ﬂuoroscopic guid-
ance a 2.4 mm guide pin was drilled into the insertion of the MPFL
[19,25]. It was directed antero-laterally to exit the femur on the lateral
cortexwell proximal to the lateral epicondyle. If found accurate by ﬂuo-
roscopy, the guide pin was overreamed with a 6–8 mm cannulated
reamer to a depth of 30 mm.
The graft was then inserted into the tunnel. The kneewas cycled ﬁve
times with moderate tension on the graft. Fixation was performed with
a 6–8 × 28 mm bioabsorbable interference screw at 20° of knee ﬂexion
with the lateral patellar borderﬂushwith the lateral border of the troch-
lear groove.2.2. Postoperative treatment
A knee brace with ROM 0–90° was used for 6 weeks during post-
operative rehabilitation. The patients weremobilized with 20 kg partial
weight bearing for 3 weeks. Full weight bearing was started thereafter.
Passive ROM exercises to amaximumof 90° were initiated immediately
postoperative. Stationary cycling was started 6 weeks postop. Full re-
turn to pivoting sports was allowed between 4 and 5 months after the
operation.RL STORZ, Tuttlingen, Germany) (a. operative procedure; b. cadaveric preparation).
Fig. 3. (a) The QT strip is ﬁxed with two sutures at the medial patella boarder. (b) Schematic drawing showing the ﬁnal location of the QT strip.
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Only patients with more than two patellar dislocations, a TT–TG b
20 mm [19], patellofemoral chondromalacia N ICRS grade IIIB [29] and
closed growth plates were included in the study.
In a consecutive case series 17 patients (seven male, 10 female;
mean age 21.5 years ± 3.9; BMI 22.6 ± 3.9) have been operated on
by two surgeons with isolated MPFL reconstruction using QT between
March 2011 and November 2012.3. Results
The mean TT–TG measured on MRI [32] was 12.7 mm± 3.2 (9.2 to 17 mm).
Eight patients (47.0%) had two, seven patients (41.2%) had three and two (11.8%)
patients four dislocations prior to surgery.
Three patients (17.6%) had chondromalacia grade IIIA on the medial aspect of the
patella, six patients (35.3%) had grade II, and eight patients (47.1%) had normal cartilage
by arthroscopic appearance. Seven patients (41.2%) had a normal trochlea and nine
patients (52.9%) had trochlear dysplasia Type A and one patient (5.9%) Type B according
to Dejour [33].
All patients had equal side to side knee motion (one female patient was considered
hypermobile with bilateral knee hyperextension of 15°, none of the other patients pre-
sented knee hyperextension greater than 5°). All patients presented a positive apprehen-
sion test on the injured side.
Average operating time (including arthroscopy) was 46 min ± 12 min.
Therewas one intraoperative complicationwhere theQT stripwas cut too short (only
5 cm). A second 3 mm strip was then harvested and sutured on to the primary one.
There were no post-operative complications in this series.
At 6 months post-operative four patients (23.5%) and at 12 months two patients
(11.8%) had a positive apprehension test. At 6 months FU six patients (35.3%) had a
kneeﬂexion deﬁcit of 10° compared to the opposite knee. At 12 months all but one patient
(ﬂexion deﬁcit of 10°) (94.1%) had equal side to side knee motion.
Lysholm score improved signiﬁcantly (p b 0.05) from pre-operative to 6 months and
also signiﬁcantly (p b 0.05) between 6 and 12 months FU. The changes in Tegner score
were not signiﬁcant (p N 0.05) over time (Table 1).
Kujala score at 12 months was 89.2 ± 7.1.
During the 12 month follow-up period none of the patients had a re-dislocation.
At ﬁnal FU all but one patient (94.1%) have reported that they would undergo the
operation again and all except one patient (94.1%) were very satisﬁedwith their cosmetic
result (Fig. 4). The patient who would not have the operation again complained about the
prolonged postoperative pain and the long rehabilitation period. Her Lysholm score atTable 1
Mean and standard deviation of Lysholm and Tegner Score.
Pre-operative 6 months 12 months
Lysholm Score 69.5 ± 10.3 81.9 ± 11.7 88.1 ± 10.9
Tegner Score 4.8 ± 2.4 4.9 ± 2.0 5.0 ± 1.912 months was 69 and Kujala Score was 81. She had chondromalacia grade IIIA and a
type B trochlear dysplasia.
4. Discussion
MPFL reconstruction using a strip of QT harvested subcutaneously in
the described technique has been found feasible and to be associated
with good short term clinical and cosmetic results.
There are only few previous reports on MPFL reconstruction using
a strip of quadriceps tendon without anchors or bone tunnels in the
patella [23,24,26,34]. In these techniques an approximately 6 cm to
8 cm longitudinal incision from the superior pole of the patellar extend-
ing proximally is used. While Noyes and Albright [34] harvest an 8
× 70 mm full thickness graft from the medial aspect of the QT leaving
it attached at the superomedial border of the patella, Steensen et al.
[26] and Goyal [23] dissect a partial thickness graft of 10 to 12 mm in
width from the central part of the QT. The tendon strip is diverged 90°
medially over the prepatellar tissue and ﬁxed on the medial femoral
condyle with transosseous sutures [26], titanium interference screws
[23] or pulled through a puncture hole in the medial retinaculum distal
to the insertion of the VMO and superﬁcial to the distal aspect of theme-
dial epicondyle, folded over on itself and sutured to the medial
intermuscular septum and the medial retinaculum [34].
In the technique of Steensen et al. [26] and Goyal [23] the location of
the attachment of the QT strip is in themidpatellar area anterior instead
of the preferred medial border of the patella.
Therefore, we have adapted the technique of Macura and Veselko
[24] who are undermining the tissue on themedial aspect of the patella
and diverging the QT strip 90° underneath it instead of simply diverging
it superﬁcially [28]. This results not only in an insertion site on the me-
dial aspect of the patella (the graft is ﬁxed with two sutures at the orig-
inalMPFL insertion), butmay also improve graft to bonehealing. Careful
dissection has to be used not to peel off the QT strip from the bony pa-
tellar surface. This did not happen in our series but has been experi-
enced in our early anatomical dissections. In this case bone anchors
may be used to ﬁx the QT strip to the medial aspect of the patella
(free QT graft) or if the graft is long enough it can be looped through
the prepatellar tissue and sutured on to itself.
The technique of Noyes and Albright [34] is by deﬁnition not an MPFL
reconstruction, but a reinforcement of the medial retinaculum with a QT
graft.
Up to now, hamstring grafts are far more common for MPFL recon-
struction than quadriceps tendon techniques. These procedures
Fig. 4. Cosmetic appearance of scars following minimal invasive QT harvest.
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stability [9,18,35]. Clinically, the Kujala scores improved from 49.7 ± 9.7
to 90.8 ± 3.7 and Lysholm scores from 57.7 ± 9.7 to 89.8 ± 3.1 at an
average FU of 4.7 ± 2.8. These results are comparable to our ﬁndings,
however with much shorter follow-up.
Still, there are failures of these procedures. Patellofemoral pathology
is extremely complex and only few of its aspects can be solved by MPFL
reconstruction. We had two patients with persisting apprehension test
and one patient who would not undergo this operation again.
On the other hand, there are complications which are associated
with theMPFL reconstruction itself. Recently, Shah et al. [5] in a system-
atic review onMPFL reconstruction (all except one paper in this review
used hamstring grafts) documented an overall complication rate of
26.1% (164 complications in 26.1% of knees). In this series 22 knees
had residual ﬂexion loss of which nine underwent manipulation
under anesthesia. Most likely there are two major reasons attributed
to this problem: 1. Incorrect placement of the femoral insertionmay re-
sult not only in patellofemoral hyperpressure but also eventually in loss
of ﬂexion [21,22,36] and 2. Higher stiffness of the reconstruction com-
pared to the natural MPFL. In a biomechanical study of Lenschow et al.
[37] it was found that the stiffness of hamstring constructs is about 3×
higher compared to the native MPFL, whereas the stiffness of a QT con-
struct is similar to the native MPFL [27].
Four patients in the systematic review of MPFL failures [5] sustained
a patellar fracture through transpatellar bone tunnels. All the previously
described QT techniques [24,26,34] as well as our technique avoid im-
plants or bone tunnels in the patella. This makes QT also an ideal trans-
plant for revision MPFL surgery, when preexisting tunnels or hardware
are present in the patella. Weidner et al. [38] presented a case of MPFL
reconstruction following patellar instability after total knee replace-
ment. In order to avoid implants or bone tunnels which might have in-
terfered with a resurfaced patella the authors used our described
technique with good clinical outcome.
Our study has several limitations. The most obvious are the low
number of cases and the short term of follow-up. All our patients are
followed up prospectively and longer term follow-up will be presented
in the future.
MPFL reconstruction with a strip of QT harvested in a minimal inva-
sive technique was found to be associated with good short term clinical
results. We think that this technique presents a valuable alternative to
commonhamstring techniques for primaryMPFL reconstruction in chil-
dren and adults, as well as for MPFL revision surgery.Conﬂict of interest statement
Two of the authors are consultant for Karl Storz. Additionally, one
receives product royalties from Karl Storz.Acknowledgments
We authors thank Caroline Hepperger from OSM Research Founda-
tion for helping to prepare the manuscript.
References
[1] Amis AA, Firer P, Mountney J, Senavongse W, Thomas NP. Anatomy and biomechan-
ics of the medial patellofemoral ligament. Knee 2003;10(3):215–20.
[2] Arendt EA, Moeller A, Agel J. Clinical outcomes of medial patellofemoral ligament re-
pair in recurrent (chronic) lateral patella dislocations. Knee Surg Sports Traumatol
Arthrosc 2011;19(11):1909–14.
[3] Guerrero P, Li X, Patel K, Brown M, Busconi B. Medial patellofemoral ligament injury
patterns and associated pathology in lateral patella dislocation: anMRI study. Sports
Med Arthrosc Rehabil Ther Technol 2009;1(1):17.
[4] Panni AS, Alam M, Cerciello S, Vasso M, Maffulli N. Medial patellofemoral ligament
reconstruction with a divergent patellar transverse 2-tunnel technique. Am J Sports
Med 2011;39(12):2647–55.
[5] Shah JN, Howard JS, Flanigan DC, Brophy RH, Carey JL, Lattermann C. A systematic
review of complications and failures associated withmedial patellofemoral ligament
reconstruction for recurrent patellar dislocation. Am J Sports Med 2012;40(8):
1916–23.
[6] Dirim B, Haghighi P, Trudell D, Portes G, Resnick D. Medial patellofemoral ligament:
cadaveric investigation of anatomy with MRI, MR arthrography, and histologic cor-
relation. AJR Am J Roentgenol 2008;191(2):490–8.
[7] Kepler CK, Bogner EA, Hammoud S, Malcolmson G, Potter HG, Green DW. Zone of in-
jury of themedial patellofemoral ligament after acute patellar dislocation in children
and adolescents. Am J Sports Med 2011;39(7):1444–9.
[8] Seeley M, Bowman KF, Walsh C, Sabb BJ, Vanderhave KL. Magnetic resonance imag-
ing of acute patellar dislocation in children: patterns of injury and risk factors of re-
currence. J Pediatr Orthop 2012;32(2):145–55.
[9] Ahmad CS, Brown GD, Stein BS. The docking technique for medial patellofemoral lig-
ament reconstruction: surgical technique and clinical outcome. Am J Sports Med
2009;37(10):2021–7.
[10] Christiansen SE, Jacobsen BW, Lund B, Lind M. Reconstruction of the medial
patellofemoral ligament with gracilis tendon autograft in transverse patellar drill
holes. Arthroscopy 2008;24(1):82–7.
[11] Ebied AM, El-Kholy W. Reconstruction of the medial patello-femoral and patello-
tibial ligaments for treatment of patellar instability. Knee Surg Sports Traumatol
Arthrosc 2012;20(5):926–32.
[12] Giordano M, Falciglia F, Aulisa AG, Guzzanti V. Patellar dislocation in skeletally im-
mature patients: semitendinosous and gracilis augmentation for combined medial
patellofemoral and medial patellotibial ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc 2012;20(8):1594–8.
[13] Goorens CK, Robijn H, Hendrickx B, Delport H, De Mulder K, Hens H. Reconstruction
of the medial patellofemoral ligament for patellar instability using an autologous
gracilis tendon graft. Acta Orthop Belg 2010;76:398–402.
[14] Hapa O, Aksahin E, Özden R, Pepe M, Yanat AN, Doğramacı Y, et al. Aperture ﬁxation
instead of transverse tunnels at the patella for medial patellofemoral ligament re-
construction. Knee Surg Sports Traumatol Arthrosc 2012;20(2):322–6.
[15] Kumahashi N, Kuwata S, Tadenuma T, Kadowaki M, Uchio Y. A “sandwich” method
of reconstruction of the medial patellofemoral ligament using a titanium interfer-
ence screw for patellar instability in skeletally immature patients. Arch Orthop Trau-
ma Surg 2012;132(8):1077–83.
[16] Maeno S, Hashimoto D, Otani T, Masumoto K, Fukui Y, Nishiyama M, et al. Medial
patellofemoral ligament reconstruction with hanger lifting procedure. Knee Surg
Sports Traumatol Arthrosc 2010;18(2):157–60.
[17] Quirbach S, Smekal V, Rosenberger RE, El Attal R, Schottle PB. Anatomical double-
bundle reconstruction of the medial patellofemoral ligament with a gracilis auto-
graft. Oper Orthop Traumatol 2012;24(2):131–9.
1179C. Fink et al. / The Knee 21 (2014) 1175–1179[18] Schottle PB, Hensler D, Imhoff AB. Anatomical double-bundle MPFL reconstruc-
tion with an aperture ﬁxation. Knee Surg Sports Traumatol Arthrosc 2010;
18(2):147–51.
[19] Schottle PB, Schmeling A, Romero J, Weiler A. Anatomical reconstruction of the me-
dial patellofemoral ligament using a free gracilis autograft. Arch Orthop Trauma Surg
2009;129(3):305–9.
[20] Matthews JJ, Schranz P. Reconstruction of the medial patellofemoral
ligament using a longitudinal patellar tunnel technique. Int Orthop
2010;34(8):1321–5.
[21] Bollier M, Fulkerson J, Cosgarea A, Tanaka M. Technical failure of medial
patellofemoral ligament reconstruction. Arthroscopy 2011;27(8):1153–9.
[22] Servien E, Fritsch B, Lustig S, Demey G, Debarge R, Lapra C, et al. In vivo positioning
analysis of medial patellofemoral ligament reconstruction. Am J Sports Med
2011;39(1):134–9.
[23] Goyal D. Medial patellofemoral ligament reconstruction. The superﬁcial quad tech-
nique. Am J Sports Med 2013;41(5):1022–9.
[24] MacuraM, VeselkoM. Simultaneous reconstruction of ruptured anterior cruciate lig-
ament and medial patellofemoral ligament with ipsilateral quadriceps grafts. Ar-
throscopy 2010;26(9):1258–62.
[25] Nomura E, Inoue M, Osada N. Anatomical analysis of the medial patellofemoral liga-
ment of the knee, especially the femoral attachment. Knee Surg Sports Traumatol
Arthrosc 2005;13(7):510–5.
[26] Steensen RN, Dopirak RM, Maurus PB. A simple technique for reconstruction of the
medial patellofemoral ligament using a quadriceps tendon graft. Arthroscopy
2005;21(3):365–70.
[27] Herbort M, Hoser C, Lenschow S, Schliemann B, Koesters C, Raschke M, et al. Biome-
chanical properties of a new MPFL reconstruction technique using quadriceps ten-
don in comparison to the intact MPFL. A human cadaveric study. Arthroscopy
2013;29(10 Supplement):e84–5.[28] Fink C, Veselko M, Herbort M, Hoser C. Minimally invasive reconstruction of the me-
dial patellofemoral ligament using quadriceps tendon. Arthrosc Tech 2014 [in print].
[29] BrittbergM,Winalski CS. Evaluation of cartilage injuries and repair. J Bone Joint Surg
Am 2003;85-A(Suppl. 2):58–69.
[30] Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament injuries. Clin
Orthop Relat Res 1985;198:43–9.
[31] Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, Hurme M, Nelimarkka O. Scoring of
patellofemoral disorders. Arthroscopy 1993;9(2):159–63.
[32] Schottle PB, Zanetti M, Seifert B, Pﬁrrmann CW, Fucentese SF, Romero J. The tibial tu-
berosity–trochlear groove distance; a comparative study between CT and MRI scan-
ning. Knee 2006;13(1):26–31.
[33] Tecklenburg K, Dejour D, Hoser C, Fink C. Bony and cartilaginous anatomy of the
patellofemoral joint. Knee Surg Sports Traumatol Arthrosc 2006;14:235–40.
[34] Noyes FR, Albright JC. Reconstruction of themedial patellofemoral ligament with au-
tologous quadriceps tendon. Arthroscopy 2006;22(8):e901–7 [904].
[35] Fisher B, Nyland J, Brand E, Curtin B. Medial patellofemoral ligament reconstruction
for recurrent patellar dislocation: a systematic review including rehabilitation and
return-to-sports efﬁcacy. Arthroscopy 2010;26(10):1384–94.
[36] Sandmeier R, Burks RT, Bachus KN, Billings A. The effect of reconstruction of the me-
dial patellofemoral ligament on patellar tracking. Am J SportsMed2000;28(3):345–9.
[37] Lenschow S, Schliemann B, Gestring J, Herbort M, Schulze M, Kösters C. Medial
patellofemoral ligament reconstruction: ﬁxation strength of 5 different techniques
for graft ﬁxation at the patella. Arthroscopy 2013;29(4):766–73.
[38] Weidner J, Burkart P, Reminger A. MPFL-reconstruction using a pedicled quadriceps
tendon graft in chronic patellar dislocation after TKR. Book of Abstracts, 29. Zurich:
AGA Congress; 2012. p. 87.
